Background: The impending public health impact of Alzheimer's disease is tremendous. Physical activity is a promising intervention for preventing and managing Alzheimer's disease. However, there is a lack of evidencebased public health messaging to support this position. This paper describes the application of the Appraisal of Guidelines Research and Evaluation II (AGREE-II) principles to formulate an evidence-based message to promote physical activity for the purposes of preventing and managing Alzheimer's disease. Methods: A messaging statement was developed using the AGREE-II instrument as guidance. Methods included (a) conducting a systematic review of reviews summarizing research on physical activity to prevent and manage Alzheimer's disease, and (b) engaging stakeholders to deliberate the evidence and formulate the messaging statement. Results: The evidence base consisted of seven systematic reviews focused on Alzheimer's disease prevention and 20 reviews focused on symptom management. Virtually all of the reviews of symptom management conflated patients with Alzheimer's disease and patients with other dementias, and this limitation was reflected in the second part of the messaging statement. After deliberating the evidence base, an expert panel achieved consensus on the following statement: "Regular participation in physical activity is associated with a reduced risk of developing Alzheimer' s disease. Among older adults with Alzheimer' s disease and other dementias, regular physical activity can improve performance of activities of daily living and mobility, and may improve general cognition and balance." The statement was rated favourably by a sample of older adults and physicians who treat Alzheimer's disease patients in terms of its appropriateness, utility, and clarity. Conclusion: Public health and other organizations that promote physical activity, health and well-being to older adults are encouraged to use the evidence-based statement in their programs and resources. Researchers, clinicians, people with Alzheimer's disease and caregivers are encouraged to adopt the messaging statement and the recommendations in the companion informational resource.
Background
The current and impending public health impact of Alzheimer's disease is staggering. Alzheimer's disease is the most common form of dementia, characterized by progressive neural decline resulting in severe cognitive impairment, compromised physical ability, and loss of functional independence [1, 2] . The number of cases of Alzheimer's worldwide is expected to increase from 30.8 million in 2010 to over 106 million in 2050. By 2050, it is projected that 1 in 85 adults worldwide will be living with the disease [3] . As no cure exists for Alzheimer's disease, there is an urgent need for interventions to reduce the risk of developing it and to help manage the symptoms among those who have been diagnosed with it.
Physical activity may be a practical, economical, and accessible intervention for both prevention and management of Alzheimer's disease. Engaging in routine physical activity could reduce the risk of developing the disease [4] [5] [6] [7] [8] [9] [10] [11] . For individuals with Alzheimer's disease, physical activity may help to mitigate and even improve some of the mental [4, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and physical [12, 19, 20, 22, 24, [26] [27] [28] [29] [30] symptoms. Moreover, a recent population-based analysis of seven potentially modifiable Alzheimer's disease risk factors revealed that the largest proportion of disease cases in the United Kingdom, United States and Europe could be attributed to physical inactivity. A 10% reduction per decade in inactivity and the other risk factors was projected to reduce the prevalence of Alzheimer's disease by up to 1.5 million cases in those countries [31] . These statistics provide a powerful case for the importance of public health campaigns and messaging to promote physical activity for the prevention and management of Alzheimer's disease.
Evidence-based practice guidelines are an important tool to support the promotion of physical activity. Such guidelines stipulate the types, amounts, and intensities of physical activity needed for a particular population to derive certain benefits. For instance, the World Health Organization recommends that adults aged 18-64 should do at least 150 min of moderate-intensity aerobic activity throughout the week in order to achieve cardiorespiratory and muscular fitness, bone health, and to reduce the risk of non-communicable diseases and depression. Unfortunately, Alzheimer's disease prevention and management are not included in this list of outcomes because the level of activity needed to achieve such benefits is not yet known [9] . Until appropriate dose-response data are available, it is impossible to formulate physical activity guidelines specifically for the prevention and management of Alzheimer's disease (cf., [32] ) or to endorse the current WHO guidelines as beneficial in this regard.
The absence of guidelines might imply that physical activity is not beneficial for those seeking to reduce their Alzheimer's disease risk or to mitigate decline. Consequently, an important opportunity for public health promotion and disease prevention may be missed. Given the projected growth in Alzheimer's disease cases over the coming decades [3] , and the potential for physical activity to affect that trajectory [31] , it is vital to communicate the Alzheimer's disease-related benefits of activity to older adults.
Latimer-Cheung and colleagues have articulated the importance of using research evidence to formulate public health communications about physical activity [33] . Indeed, public health behaviour change programs are often criticized for lacking an evidence base [34] , in part because health promoters traditionally operate in an environment that lacks systematic processes to consolidate research evidence into usable knowledge tools and resources. For instance, agencies responsible for promoting physical activity to Canadians with disabilities report that they want to use research evidence in their initiatives, but they often lack the resources to do so [35] . If health promoters do not have access to evidence-based messages and resources, then it is difficult for them to use evidence in their programs.
To address the evidence gap in public health physical activity messaging, Latimer-Cheung et al. published a case study in which the Appraisal of Guidelines, Research and Evaluation II (AGREE II) instrument was modified and applied to develop recommendations for constructing messages to support the Canadian Physical Activity Guidelines [32] . In general, the development process involved a literature review and the engagement of an expert panel to interpret the evidence and formulate recommendations based on the evidence. These steps were undertaken in a systematic manner that adhered to AGREE II standards for using evidence to develop and report clinical practice guidelines. Through this rigorous process, the authors demonstrated how to translate physical activity research into evidence-based messaging recommendations for use by groups with a vested interest in physical activity promotion.
Given the need for evidence-based messaging that communicates the public health benefits of physical activity for preventing or managing Alzheimer's disease [36] , coupled with the development of a systematic approach to formulating evidence-based physical activity messages [33] , the purpose of the present project was to develop an evidence-based statement about the benefits of physical activity for preventing and managing Alzheimer's disease.
Background and project overview
The first author was contacted by a provincial, nongovernment organization that was interested in working with scientists to develop evidence-based messages and knowledge products to raise local (i.e., provincial) awareness regarding the benefits of physical activity for the prevention and management of Alzheimer's disease. The first-author-a researcher with expertise in developing physical activity guidelines and evidence-based resources for adults with chronic disease and disability (KAMG)-and a scientist from the sponsoring organization (JA) agreed to co-direct the project. The project directors worked with an Appraisal of Guidelines Research and Evaluation II (AGREE-II) consultant and a researcher with expertise on exercise and Alzheimer's disease (JH). Local stakeholders and scientists were involved in formulating the messaging statement and providing feedback.
The process for developing the messaging statement was guided by AGREE-II [37] , an internationally recognized protocol for assessing the rigor, comprehensiveness and transparency of steps taken to formulate clinical practice guidelines. AGREE-II has been used previously as a framework for developing physical activity guidelines [38] [39] [40] and messages to support physical activity guidelines [33] . Paralleling the steps used by Latimer-Cheung et al., [31] , the steps taken to develop the messaging statement were: a) determine the scope and purpose of the statement; b) conduct a systematic review of relevant literature; c) host a consensus meeting to formulate the statement; d) disseminate the statement for stakeholder feedback; (e) finalize the statement; and (e) review of the statement and this document by an AGREE II consultant. Each of these steps are described in the Methods section.
Methods

Statement scope and purpose
The following were determined by the project directors and confirmed appropriate by the expert panel members (see Table 1 ).
Overall statement objective:
To provide an evidencebased messaging statement for the use of physical activity (a) to prevent Alzheimer's disease, and (b) to help manage symptoms and complications of Alzheimer's disease. Clinical questions addressed by the statement: Can physical activity help to prevent Alzheimer's disease 
Systematic review of systematic reviews
A systematic review of systematic reviews provided the evidence base for the messaging statement. Because several systematic reviews have already been published on Alzheimer's disease, other dementias and physical activity [7, 8, 16, 19] , a decision was made to review these articles rather than conduct yet another review. A review of reviews has the advantage of facilitating comparison and synthesis of findings across multiple reviews that may vary in scope and quality. Smith et al.'s [41] methodology was employed to guide the review protocol and is described next.
Scope of the review; literature search strategy and screening
The following inclusion criteria were set: English-language systematic reviews or meta-analyses examining the benefits of physical activity for either the management or prevention of Alzheimer's disease in humans; reviews must have focused on physical activity interventions aimed at decreasing symptoms (e.g., declines in cognitive function, QOL, etc.) or managing Alzheimer's disease; or longitudinal/cross-sectional studies that evaluated the role of physical activity in reducing the risk for Alzheimer's disease. A research assistant developed the search strategy in consultation with the project directors. The search included PubMed and Cochrane Library databases (2003-August 2013) along with a hand search from reference lists of other papers.
To identify reviews of physical activity for managing Alzheimer's disease, databases were searched for keywords: physical activity AND dementia AND reviews. This yielded 424 citations. An initial scan of these citations revealed that most reviews consisted of studies that included people with other dementias, not just Alzheimer's disease. Though Alzheimer's disease is the most common form of dementia, different pathologies can underlie dementia syndrome and most reviews did not distinguish participants based on their pathologies. Given the state of the literature, a decision was made to broaden our inclusion criteria to include reviews that focused on exercise to manage Alzheimer's disease as well as other dementias.
The title and abstract of each citation were scanned and papers that were clearly outside the scope of the review were excluded; 20 reviews remained. The research assistant and one of the authors then reviewed the full text of these 20 articles and 14 met our inclusion criteria. To identify reviews of physical activity to prevent Alzheimer's disease, a secondary search of the 424 citations was conducted using keywords: physical activity AND Alzheimer's disease AND prevention AND reviews, yielding 60 citations. After scanning titles and abstracts, 19 reviews remained that focused specifically on prevention of Alzheimer's disease (not the prevention of other dementias). After full text reviews, 6 of these 19 articles met our inclusion criteria. An updated literature search was completed in November 2015, and seven new reviews were added (one on prevention, six on management), resulting in a total of 20 reviews on management and seven reviews on prevention.
Data extraction and assessment of methodological quality
Individually, the research assistant and a study author extracted information from each review and assessed each review's methodological quality using the 11-item A Measurement Tool to Assess Systematic Reviews (AMSTAR; http://www.amstar.ca/Amstar_Checklist.php) [42] . A score of 0-4 indicates low methodological quality, 5-8 indicates moderate methodological quality, and 9-11 indicates high methodological quality. The reviewers were not blinded during these steps. The extractions were completed in triplicate and AMSTAR evaluations were completed in duplicate. Any discrepancies were resolved through conversation until 100% agreement was achieved. Higher quality reviews were weighted more heavily than lower quality reviews when deliberating the evidence.
Stakeholder involvement
Stakeholders representing various local interest groups (service providers, qualified exercise professionals), physical activity promoters, and knowledge brokers participated in the expert panel (Table 1 ) by developing and refining the messaging statement, and creating a supporting informational resource. Recognizing that some potential statement users were not on the panel, the statement was circulated to physicians who treat patients with Alzheimer's disease and they provided anonymous feedback (N = 6). Healthy older adults drawn from an exercise and wellness program (N = 15) were given a paper copy of the statement and supporting resource and were directed to an online questionnaire to provide anonymous feedback (see Table 2 ). In addition, caregivers (N = 5) of older adults who participated in an exercise program for people with Alzheimer's were given a paper copy of the statement and resource and completed a paper version of the questionnaire items shown in Table 2 .
Consensus meeting
In September 2013, an expert consensus panel was convened for a 1-day meeting to review the evidence and formulate the statement. The meeting was chaired by one of the project directors and an AGREE II expert. Panel members included ten university-based researchers with expertise that spanned relevant content areas, knowledge synthesis and physical activity guideline development, along with five stakeholders representing health care professional groups and service organizations. The research assistant involved in the systematic review was also present. Given the importance of evaluating the research evidence with consideration of the context in which a resulting knowledge product will be disseminated [43] , all but one panel member was based in the same province as the sponsoring organization and were thus familiar with the local context in which the knowledge products would be employed.
Prior to the meeting, all panel members received tabular summaries of the systematic review evidence (versions of Tables 3 and 4 ). The Chair began the meeting with an overview of AGREE-II and the process to be used to formulate the statement. Next, the chair presented the results from the systematic review of reviews on the use of physical activity to manage Alzheimer's disease, followed by the systematic review of reviews on physical activity for prevention of Alzheimer's disease. After each presentation, panel members discussed the strength, quality and quantity of evidence. Through these discussions, the panel came to unanimous agreement that insufficient quality evidence was available to produce a specific physical activity guideline (i.e., a prescription) for the prevention or management of Alzheimer's. The panel Table 2 Ratings of the statement and informational resource (i.e., "the toolkit") obtained from health care providers and older adults In your opinion, is the toolkit appropriate for older adults with Alzheimer's disease or those who want to prevent Alzheimer's disease? In your opinion, does the toolkit provide appropriate information to help older adults become more physically active? Note. All responses were made on a scale ranging from 1 to 5, with higher scores indicating more favourable ratings agreed, however, that sufficient quality evidence existed to produce a consensus statement regarding the use of physical activity for these purposes.
To assist in formulating the statement, as a starting point, panel members were presented with the following preliminary statements: "Among people with Alzheimer's Disease, physical activity can improve important aspects of well-being including physical fitness, physical performance, cognitive functioning and mood;" and "Habitual physical activity can reduce the risk of developing Alzheimer's Disease." These statements were constructed by the lead author. The first statement was a summary of conclusions drawn in the reviews shown in Table 3 , particularly those cited by Yu [24] . Yu's conclusions were considered an appropriate starting point because they captured a broad range of outcomes. Note however, that Yu's review did not consider the quality of the reviewed evidence so those conclusions could not be considered definitive. The second preliminary statement paralleled Hamer et al.'s [8] conclusion that "physical activity is inversely associated with risk of dementia". In that meta-analysis, the quality of the evidence had been taken into consideration although the data were drawn from studies published in 2007 and earlier. The evidence was then discussed until the panel achieved a unanimous consensus statement.
Next, the panel discussed the potential health benefits and risks associated with the statement. The panel acknowledged the extensive body of evidence showing the wide range of health and fitness benefits that older adults can accrue from regular physical activity [9] . The panel also noted evidence that populations with dementia do not report considerable or consequential adverse events associated with physical activity [44] .
The panel recommended that the evidence base be reviewed at least every three years to ascertain whether the messaging statement requires updating. During these Note.
a For meta-analyses, '# of studies' refers to the number of unique studies included in the reported meta-analyses AD Alzheimer's disease, HR hazard ration, MA meta-analysis, NR narrative review, OR odds ratio, PA physical activity, PAR% population attributable risk percent, RR relative risk reviews, consideration should be given to whether the quality and quantity of evidence have developed sufficiently to allow for formulation of physical activity guidelines. At this time, because only the initial messaging statement development process has been funded, the feasibility of ongoing updates is uncertain.
The consensus panel also discussed facilitators and barriers to implementing the messaging statement, including resource implications and informational needs. Panel members worked in sub-groups to identify content for an informational resource to support the uptake of the messaging statements. Discussions were guided by existing research on physical activity messaging and informational needs of older adults [45] , along with consideration of dementia symptoms [46, 47] . The resultant recommended content could be generally categorized as clarification messages, motivational messages, and information for caregivers, and was subsequently given to a technical writer who drafted and wrote the content for the informational resource (http://www.braininstitute.ca/ physical-activity-and-alzheimers-disease-toolkit).
Since the original consensus panel meeting, the panel has convened once by teleconference and twice by email to modify the statement based on the new evidence. An AGREE-II expert formally audited our procedures for developing the statement, using the AGREE-II Online Guideline Appraisal Tool (http://www.agreetrust.org/appraisal/ 15654) [37] .
Results
Systematic review
With regard to preventing Alzheimer's disease, physical activity was associated with a reduction in risk of Alzheimer's disease in all seven review articles. There were 33 unique studies included in the reviews. These studies captured virtually any type of physical activity or energy expenditure (see Table 4 ). Two review articles were of high methodological quality [7, 8] , four were of moderate quality [4, 6, 10, 11] , and one was low quality [5] . Six of the seven reviews concluded that physical activity was associated with a significant reduction in risk of Alzheimer's [4] [5] [6] [7] [8] 10] , although one of the high quality reviews graded the quality of evidence as low [7] . The seventh review [11] noted that 20 out of 24 reviewed studies reported a significant association between physical activity and reduction of risk of Alzheimer's disease, but the authors stopped short of making conclusions about the effects of physical activity because of an absence of RCT-derived evidence. The authors did, however, conclude that an active lifestyle seems to have a protective effect on brain functioning and may also slow the course of Alzheimer's disease. Overall, the studies reported in the reviews provided consistent evidence that physical activity is associated with a reduced risk for developing Alzheimer's disease.
With regard to managing Alzheimer's disease and other dementias, there were 121 unique studies captured by the 20 systematic reviews. These studies included physical activity interventions involving structured exercise, group exercises, strength, balance and mobility exercises, walking and exercise therapy, and "any exercise" in general (see Table 3 ). Many studies had more than one outcome of interest -the effects of physical activity on cognitive, affective, behavioural, physical (physical fitness, performance, balance), ADL and QOL were the outcomes examined in this review.
Cognition
Eight reviews reported on cognition and included from two [25] to 12 [19] studies. Six of the reviews were of high methodological quality, with five out of six providing evidence of positive effects of physical activity on cognition. Specifically, four reviews that included meta-analyses yielded significant average effect sizes, expressed as standardized mean group differences, ranging from 0.42 to 0.75. The fifth review found that exercise improved cognition in five of seven studies [12] . Whereas a 2013 Cochrane review found significant effects on cognition [16] , the most recent (2015) Cochrane review [17] , included just one additional trial [16] but found no significant effect (p = .08) and rated the available evidence as very low quality. The other two reviews were narrative reviews of moderate quality; both concluded exercise is a promising intervention for improving cognition [24, 25] . It is important to note that most of the studies included in the reviews employed a global measure of cognitive impairment, such as the Mini Mental State Examination [48] or the Montreal Cognitive Assessment [49] , rather than measures of specific aspects of cognitive function. Taking this factor into consideration, overall, there is promising evidence that physical activity may have positive effects on global cognition. However, given the conflicting conclusions from the two recent Cochrane review [16, 17] , no firm conclusion can be made.
Affect
Seven reviews examined affect-related outcomes and consisted of one to eight studies. Two Cochrane reviews of high methodological quality found no significant effect of physical activity on depression [16, 17] . One meta-analysis of moderate quality found that physical activity reduced depression [14] . Four other reviews, one of high quality [12] and three of moderate quality [21, 23, 24] , all reported that some studies showed exercise can alleviate depression or enhance mood whereas other studies did not. Taken together, the extant research provides no consistent evidence that physical activity improves depression or other aspects of mood in this population.
Behaviours
Six reviews examined the effects of physical activity on challenging behaviours associated with dementia. Two of these reviews specifically addressed wandering; one was a high quality Cochrane review but the authors did not find any suitable studies to include in their review [16] . The other was of moderate quality and reported shortterm decreases in wandering in one of two included studies [23] . The latter review also addressed nighttime sleep [23] and reported that three of the five included studies showed improvements. The other two reviews examined a range of challenging behaviours such as aggression, restlessness, wandering, and rummaging. Two were high quality Cochrane reviews [16, 17] that consisted of a single study and found no significant effects of exercise. The other two were moderate quality metaanalyses; one of which included 13 studies and found significant effects of physical training across a range of behavioural outcomes [19] and the other included seven studies which found no effect [14] . Based on these reviews, there is no consistent evidence that exercise improves challenging behaviours.
Physical outcomes
When reviewing the literature on physical outcomes, it became apparent little consistency existed across the reviews, and across the studies captured by those reviews, in operational definitions and measures of physical outcomes such as "physical fitness," "mobility," "physical function," and "physical performance". For instance, measures of walking performance were classified as an index of physical fitness in one review [24] , physical function in another review [20] , and reflected in ADL measures [50] . We have retained the original nomenclature of each review article to categorize the physical outcome measures; however, it is important to note that the categories are not clearly defined nor are they mutually exclusive.
Physical fitness
Two reviews examined outcomes that their authors categorized as "physical fitness" [19, 24] . One review was of high methodological quality [19] and included several meta-analyses of four to 40 studies that revealed significant effects of exercise training on cardiovascular, strength, flexibility, and overall fitness outcomes. A narrative review of moderate quality [24] reported on a single trial that improved 6-min walk distance and another that improved muscular strength.
Physical performance/function
Eight reviews reported on outcomes that their authors categorized as physical function or performance. Four were high quality. One high quality review reported average effect sizes (but did not report statistical significance or confidence intervals) ranging from 0.14 to 1.08 for the effects of physical activity on gait speed (fast and normal), endurance, lower extremity strength and functional mobility and concluded that multicomponent exercise training interventions can improve physical functioning [26] . Similarly, a high quality meta-analysis of twenty studies found significant medium-sized effects of exercise on measures of functional performance [19] . Of the two high quality reviews that consisted primarily of adults with Alzheimer's disease living in residential care facilities, one reported significant improvements in two out of two reviewed studies of walking performance, but no improvements in mobility [20] whereas the other review reported improvements in mobility in three out of five reviewed studies [12] .
There were four moderate quality reviews. One was a systematic review that reported that exercise increased functional ability [22] . The other three were narrative reviews [24, 27, 30] . Boote et al.'s [27] review included just one study, and focused on adults with moderatesevere Alzheimer's disease. They concluded that regular exercise can significantly increase muscle strength and balance, but does not improve functional abilities as measured on the Changes in Advanced Dementia Scale [51] . In contrast, Pitkala et al.'s [30] review of 20 RCTs concluded there is consistent evidence that intensive exercise interventions enhance mobility and may also improve physical functioning if administered over the long-term. Likewise, Yu et al. [24] summarized the outcomes of five studies as showing improvement in physical performance among older adults with Alzheimer's disease who participated in comprehensive exercise programs that had an aerobic exercise component.
Looking across the various physical outcomes, consistent evidence exists that physical activity can improve mobility-that is, people's ability to walk, and to move around. Because so few studies employed true assessments of physical fitness (e.g., validated measures of cardiovascular endurance or muscle strength), no conclusions can be made regarding fitness outcomes.
Balance and falls prevention
Six reviews examined balance. One high quality metaanalysis [26] of five studies found a very large effect of physical activity on balance whereas another high quality meta-analysis of two studies found no effect [28] . The two other high quality reviews assessed adults in residential care. Littbrand et al.'s narrative review of a single study reported no effects on balance and Brett et al.'s systematic review of two studies reported effects on balance in only one. Two moderate quality narrative reviews, each including just one study, concluded that physical activity interventions improved balance [27, 29] . Two reviews directly examined falls; one of high quality and one of moderate quality, and both reported that exercise programs designed to prevent falls were found to be beneficial [29] . Taken together, there is promising evidence that physical activity may improve balance and reduce the risk of falls.
Activities of Daily Living (ADL)
Seven reviews addressed ADLs. Four high quality [16, 17, 26, 52] meta-analyses, two of which were Cochrane reviews, included four to six studies. All four reported medium to large-sized effects of physical activity on ADL. One of the Cochrane reviews concluded that there is promising evidence that exercise programs can significantly improve the ability to perform ADL [16] . Two high quality reviews that examined adults in residential care concluded that exercise improved or reduced the decline in ADL [12, 20] . Of the two moderate quality reviews, one reviewed six studies and reported a significant improvement in ADL [22] and the other reviewed [24] two studies and concluded that comprehensive exercise that includes aerobic exercise could help older adults with Alzheimer's disease reduce ADL decline, and maintain basic and instrumental ADL. Taken together, the reviews provide consistent evidence that physical activity has positive effects on ADL.
Quality of Life (QOL)
One review examined QOL. This high quality narrative review, consisting of a single study, reported no effects of exercise on QOL [13] . At this time, there is insufficient evidence to draw any conclusions regarding the effects of physical activity on QOL in this population.
The messaging statement
Drawing on discussions of the evidence presented in Tables 3 and 4 , the panel achieved consensus on the following statement (see Table 5 ): "Regular participation in physical activity is associated with a reduced risk of developing Alzheimer's disease. Among older adults with Alzheimer's disease and other dementias, regular physical activity can improve performance of activities of daily living and mobility, and may improve general cognition and balance". Panel members agreed there is insufficient or inadequate evidence to address whether physical activity can improve other outcomes such as affect, the risk of falling, quality of life, and challenging behaviours associated with dementia and Alzheimer's disease.
Although one review [20] indicated no major adverse effects of physical activity, few studies reported adverse effects [19, 20] . In generally healthy older adults, serious adverse events associated with physical activity are rare [53] . Regarding people with Alzheimer's disease, the panel could not make an evidence-based decision regarding the risks associated with physical activity. Nevertheless, the panel acknowledged the low incidence of adverse physical activity-related events among people with dementia [44] . The panel agreed no evidence existed that physical activity is associated with increased risk of disease, or further progression or onset of Alzheimer's disease.
Stakeholder feedback
Stakeholder feedback was positive. For all three samples, mean ratings of appropriateness and utility of the physical activity messaging statement and informational resource ranged from 3.8 to 4.8 out of 5 (see Table 2 ). Older adults rated the clarity of information on the benefits of physical activity for preventing and managing Alzheimer's disease at, or slightly below 4.0. This feedback resulted in minor wording changes to the informational resource.
Editorial independence
The Ontario Brain Institute funded the messaging statement development project. Members of the Institute observed the consensus meeting but had no influence on the final statement whatsoever. No panel members declared a conflict of interest.
AGREE-II evaluation
The messaging statement received an overall quality score of 6 out of 7 and was recommended for use. Table 6 shows ratings for each AGREE-II domain, areas identified for improvement, and subsequent modifications to this document that were made in response to the appraisal.
Discussion
A lack of evidence-based guidelines regarding the use of physical activity to prevent and manage Alzheimer's disease may create a lost opportunity for promoting physical activity to older adults who may be motivated to be active for these reasons. To address this gap, our consensus panel formulated an evidence-based messaging statement by following the AGREE-II protocol. The first part of the messaging statement is wholly consistent with conclusions drawn in several reviews [4, 5, 8, 9] and speaks to the role of physical activity for preventing Alzheimer's disease: "Regular participation in physical activity is associated with a reduced risk of developing Alzheimer's Disease." Though this statement is based Table 5 The messaging statement "Regular participation in physical activity is associated with a reduced risk of developing Alzheimer' s disease. Among older adults with Alzheimer' s disease and other dementias, regular physical activity can improve performance of activities of daily living and mobility, and may improve general cognition and balance." exclusively on observational data, it satisfies several of Bradford Hill's criteria for causation [54] including a strong and consistent association with temporal sequencing. It is also biologically plausible and consistent with emerging evidence that physical activity can change the structure and function of the brain. In particular, physical activity may mitigate age-related atrophy of the hippocampus, a key brain structure affected by Alzheimer's disease that is critical for memory function [55] . The evidence reviewed did not differentiate between physical activities and sedentary tasks, however this distinction should be considered in future research given the emerging evidence that physical activity and sedentary behaviour may be independent predictors of health in aging [56, 57] .
The second part of the statement reflects the best available evidence regarding the effects of physical activity on symptoms and complications associated with Alzheimer's disease. The majority of reviews used the broader classification of dementia (rather than Alzheimer's disease per se) as the study inclusion criterion and this qualifier is reflected in the statement: "Among older adults with Alzheimer's disease and other dementias, regular physical activity can improve performance of activities of daily living and mobility, and may improve general cognition and balance." This statement is generally consistent with the conclusions cited by several research groups [4, 20, 23, 29, 30] . However, some conclusions cited in those reviews were not carried over to our statement, including those pertaining to effects on affect, sleep, agitation, and wandering. These discrepancies are largely attributable to our consideration of review quality-higher quality reviews carried more weight in our deliberations-as well as the quantity and consistency of evidence across reviews. Parenthetically, given the inconsistencies across studies in the amount of exercise prescribed, and the disease severity of participants, it is perhaps not surprising that some areas of research have yielded inconsistent findings and that small changes to the evidence base can lead to new conclusions.
It is important to consider the implications of including other dementias in our analysis of the effects of PA on Alzheimer's disease symptom management. Although Alzheimer's neuropathology is present in up to 80% of dementia cases, each form of dementia is associated with a different symptom profile and rate of symptom progression [1] . Such heterogeneity means that the benefits of PA may differ by dementia subtype. That said, all forms of dementia impact the health and functioning of the brain and interfere with the individual's ability to perform activities of daily living [1] . Moreover, commonly used pharmacological therapies are prescribed for symptoms that can • An explicit statement has been added be shared across Alzheimer's disease and other dementias, even though these therapies may not be very effective and are commonly associated with adverse effects [58] . Therefore, the evidence-based messages regarding the benefits of regular PA for mitigating certain dementia symptoms with minimal adverse effects has important clinical relevance for individuals with Alzheimer's disease and other forms of dementia. Future research is needed to evaluate whether the benefits of PA for dementia symptoms depend on symptom origin, profile or severity. It is also important to consider the implications of the messaging statement and toolkit for Alzheimer's disease patients living in residential facilities. Only one review focused exclusively on studies set in nursing homes with patients with mild to severe forms of dementia [12] . Although a limitation is that the 12 studies in that review had small samples, the authors of that review came to similar conclusions as the reviews involving community dwelling adults with Alzheimer's. Thus, the messaging statement should be applicable to all individuals with Alzheimer's disease regardless of their living arrangement. Of note, the review also concluded that interventions set in nursing homes had the greatest benefit when the PA program included a combination of aerobic, strength and stretching activities that were different from patients' daily routine and were led by a trained physiotherapist. Programmers may find this information useful when implementing the messaging recommendations in nursing homes.
Though necessary for health education and promotion, guidelines and messaging statements are insufficient for motivating behaviour change in the absence of information on how to achieve the recommended behaviour [45] . Accordingly, the Ontario Brain Institute has produced Boost Your Brain and Body Power -Physical Activity and Alzheimer's Disease [59] . This toolkit includes an informational resource that incorporates content generated by the expert panel, and promotes the Physical Activity Guidelines for Older Adults [32] , while taking into account some of the unique concerns of a person with dementia (e.g., limited flexibility and balance, lapses in memory). The resource also describes the types of physical activities a person at risk for, or living with Alzheimer's, should do and provides tips for staying safe and motivated.
Applicability
We believe that the messaging statement and accompanying toolkit will have important implications for practice and research by providing inspiration for promoting physical activity for people with Alzheimer's disease. One implication may be increased availability and development of fitness programs for people with Alzheimer's disease. Furthermore, given a clear statement of the benefits of physical activity, service providers (e.g., exercise programmers, fitness centers, continuing care facilities) should be more inclined to offer programs tailored for older adults. The statement and accompanying informational resource should also reduce existing informational barriers that have discouraged health care practitioners from recommending physical activity. We also acknowledge potential resource implications of applying the statement. Individuals looking to increase their physical activity may incur financial costs associated with transportation, equipment or program fees. More staff and training may be necessary to facilitate increased demand and health care providers may require more time to discuss physical activity with patients during routine appointments.
Regarding research, the statement should stimulate more investigation of physical activity for preventing and managing Alzheimer's disease, particularly research on the types and amounts of activity that yield benefit. Such research is needed in order to develop Alzheimerspecific physical activity guidelines, an important next step, given that clinicians were not particularly confident in Alzheimer's patients' ability to meet the general, national physical activity guidelines for older adults (see Table 2 ). As has been demonstrated through physical activity guideline development processes for other populations with chronic disease, mobility impairments and severe physical deconditioning [39, 40] , lower volumes of exercise may be an appropriate recommendation for people with chronic conditions while still conferring significant benefits.
Dissemination and implementation
The Ontario Brain Institute has released the messaging statement and informational resource on its website and in partnership with several local organizations including ParticipACTION, the Alzheimer Society of Ontario, and the Active Living Coalition of Older Adults. ParticipAC-TION has produced a webinar that supplements the statement. To reach the scientific community, these resources will be disseminated through academic journals and conferences. The OBI has also actively promoted (e.g., newsletters, webinars) the tool kit to clinicians and practitioners with the intent that it be shared with any newly diagnosed patients and their families.
Surveillance
We are unaware of any efforts to monitor physical activity patterns of adults with Alzheimer's disease. However, the Alzheimer's Society of Canada has recently initiated exercise programs for older adults with Alzheimer's disease and other dementias (cf. Minds in Motion). By tracking program participantsthrough accelerometry, or brief, validated questionnaires that can be completed by caregivers-it could be determined whether those who achieve Canada's physical activity guidelines are deriving greater physical and health outcomes than those who do not. In addition, the Canadian Longitudinal Study of Aging [60] is tracking the activity patterns of healthy older adults and symptoms of Alzheimer's disease/dementia over 20 years. These data will allow for ongoing surveillance of the association between physical activity and risk for Alzheimer's disease.
Limitations
We were unable to formulate a more specific exercise prescription for preventing or managing Alzheimer's disease because the evidence is insufficient for determining dose-response relationships between physical activity and disease risk and outcome. The evidence is also sparse regarding the effects of physical activity on certain Alzheimer's disease-related outcomes such as risk of falling, and QOL, which necessitated exclusion of these outcomes from our statement. We were unable to generate a statement for managing Alzheimer's disease specifically because the majority of reviews used the broader classification of 'dementia' as the study inclusion criterion; this is an unfortunate characteristic of the extant literature. We also acknowledge that the expert panel and stakeholder surveys were comprised primarily of local (provincial) participants; this compilation ensured that international peer-reviewed research was used to formulate a locally relevant messaging statement and informational resource. And finally, we acknowledge that the literature search did not include grey literature (e.g., unpublished studies, organizational reports, materials not controlled by commercial publishers). However, given that the messaging recommendations are largely consistent with the conclusions generated in some of the most recent highest quality systematic reviews, we are confident that our search captured the most relevant research on physical activity and Alzheimer's disease.
Conclusions
Public health practitioners are often criticized for not incorporating research evidence in their behaviour change practices and initiatives [34] . Organizations that promote physical activity want to use research evidence in their practices, but are often limited in their capacity to do so [35] . In response to the needs of an organization that promotes brain health, this project has demonstrated how research evidence can be used to formulate evidence-based messages and knowledge products that can be disseminated by public health and other organizations to promote the use of physical activity to prevent and manage Alzheimer's disease. Organizations that promote physical activity, health and well-being to older adults are encouraged to use the evidence-based messaging statement in their programs and resources. Researchers, clinicians, people with Alzheimer's disease and caregivers are encouraged to adopt the messaging statement and the recommendations in the companion informational resource. 
